Background and Aims High rates of loss to follow-up represent a significant challenge to clinical trials of pharmacolog-
INTRODUCTION
Globally, there are an estimated 35.7 million people who use amphetamines and related stimulants recreationally [1] . The physical, psychological, interpersonal and economic harms associated with methamphetamine (MA) use disorder are well documented, and represent significant public health, financial, legal and social challenges [2] [3] [4] . There is currently no approved pharmacological substitute or treatment for MA dependence and withdrawal [5, 6] , highlighting the need to identify additional candidates and continue to conduct clinical trials.
Loss to follow-up rates that are commonly as high as 50% represent a significant challenge in clinical trials for MA use disorder [7] . High rates of dropout can increase study duration and costs and severely harm statistical power and precision [8, 9] , increasing the likelihood of making Type II errors in hypothesis testing (failing to detect a truly non-null treatment effect). Additionally, loss to follow-up can create selection bias [10] and problems with generalizability, and results may be biased if the 'missing data' assumptions of statistical analyses are not met [11] [12] [13] . Many trials of potential pharmacological treatments for MA use disorder utilize a form of single imputation where missing urine MA screens are assumed to be MA-positive, which may bias estimates of treatment effects [12] .
Several reports have shown a relationship between early treatment response and positive outcomes in clinical trials of substance use treatments [14] [15] [16] [17] [18] . Early abstinence is associated with better retention in out-patient behavioral and pharmacological treatment programs for opiate use [19] [20] [21] . However, characteristics and motivations for seeking treatment may differ substantially between patients entering treatment programs and those enrolling in clinical trials. Similarly, differences probably exist between individuals who primarily use opiates and those who use MA in their proclivity to remain enrolled in studies.
The aims of this study were to: (1) estimate and test the relationship between achievement of a brief period of abstinence early in study participation and subsequent retention in clinical trials of pharmacological treatments for MA dependence, (2) test whether this relationship was modified by medication treatment, contingency management (CM) or baseline MA use and (3) estimate and test the 'main effects' of treatment, CM and baseline MA use on retention. We hypothesized that participants able to achieve a brief period of early abstinence would be more likely to be retained in their respective trials.
METHODS
To address the study aims, we conducted a secondary analysis of pooled data from four completed clinical trials of pharmacotherapies for MA dependence: one trial of sertraline [22] , one of modafinil [23] and two of bupropion ( [24, 25] ; referred to hereafter as the bupro1 and bupro2 trials). This study was not a formal meta-analysis of all potentially relevant trials; these four trials were included because they are all completed with major findings published, they share many key design elements and their data could be incorporated readily into a pooled analysis. Ethical approval was approved prior to initiation of all trials, and all participants provided written informed consent before participation.
Study designs
The four trials shared common design elements; all compared active pharmacotherapy conditions versus placebo during a 12-week active medication treatment period. During the trials, all participants provided thriceweekly urine drug screens. Drug screens were scheduled regularly, and not conducted randomly. The primary outcomes for all trials were treatment effectiveness score, defined as the number of negative urine drug screens achieved during the active medication phase, and end-oftreatment abstinence, defined as having no MA-positive urine screens during the last 2 weeks of treatment and not more than two screens missing.
There were also some differences between the trial protocols. Notably, while the bupro1 and modafinil trials included CM for all participants throughout the active treatment period, the sertraline trial randomized participants to CM or no CM, and the bupro2 trial did not include CM at all. All CM interventions provided food vouchers or gift cards in increasing amounts for consecutive MA-free samples. Missing or MA-positive samples were not awarded vouchers, and the value of the next MA-free urine sample was reduced to the starting amount (see [22] [23] [24] for additional details). The sertraline trial also had slightly modified inclusion criteria compared to the others. All subjects in all trials met the DSM-IV criteria for MA dependence; however, in the bupro1, bupro2 and modafinil trials, subjects were also required to provide a MA-positive urine screen prior to enrollment. The urine test was not required in the sertraline trial, resulting in a sample with less frequent MA use at baseline.
Measures
In this analysis, we aimed to evaluate the impact of achieving a brief period of initial abstinence, defined as the number of MA-negative urine screens completed (of six possible) during the first 2 weeks of the active treatment period on the likelihood of retention in the trials. We defined and analyzed retention using two different methods. First, a participant was considered to have dropped out if he or she missed 2 weeks of urine screens in a row, i.e. six consecutive screens, at any point in the study after the first 2 weeks. Defining dropout in this way is consistent with the trial protocols, which all specified that an individual's participation was terminated if 2 consecutive weeks of study visits were missed. Secondly, we analyzed retention time by computing the number of days retained for each participant using a method that could be standardized across trials. The first urine drug screen was considered to have happened on day zero, and participants were credited with 7 days for each full week they were retained and 2 days for each screen completed during the final week of their participation. Thus, for example, if a participant failed to return after the second screen during the fourth week of the trial, that participant's retention time was calculated as (3 completed weeks × 7) + (2 additional screens × 2) = 25 days. Using this methodology, the last scheduled screen during the active medication phase of each study (i.e. week 12, screen 3) occurred at day 90, which represents the maximum retention time; participants with less retention time were coded as lost.
This variable approximates closely the actual number of days retained in the trials, with slight discrepancies due to different participant start times with respect to weekends, holidays or other periods when drug screens were not scheduled. Other variables included in the analyses were medication treatment (an indicator for active medication group versus placebo), CM (an indicator for CM received versus no CM received), age, sex and baseline MA use, measured as the self-reported number of days used in the month prior to enrollment.
Statistical analyses
Prior to analysis, predictors, outcomes and covariates were described and compared between studies using χ 2 tests and analysis of variance (ANOVA). We also analyzed initial abstinence as a function of age, gender, baseline MA use, medication and CM treatments using negative binomial regression, including study as a random effect. Retention time was graphically described using Kaplan-Meier methods.
For the primary analyses, we modeled dropout with a mixed-effects logistic regression model and number of days retained using a mixed-effects Cox proportional hazards model. The primary predictor of interest was initial abstinence, as potentially moderated by medication treatment group, CM or baseline MA use. Covariates were age and sex. Moderation hypotheses were tested by examining P-values for interaction parameters between initial abstinence and the moderating variables. In order to account for heterogeneity between studies in these pooled analyses, study was included as a random effect in logistic regression and Cox models. Additionally, because the value of the initial abstinence variable changed during the time-period where subjects were at risk of dropping out (and indeed, many subjects were not retained for even the first 2 weeks), it was treated as a time-varying covariate in the Cox model.
As secondary analyses, we examined the effects of medication treatment, CM and baseline MA use on dropout and days retained while excluding initial abstinence from the analyses. All reported test statistics represent singleparameter, one degree of freedom tests. All analyses were conducted in R version 3.2.5 [26] using the gmodels [27] , survival [28] , lsmeans [29] , ggplot2 [30] and lme4 [31] packages.
RESULTS
Seven participants from the sertraline trial were missing covariate data (age, sex or baseline MA use) and were excluded from analyses; all other participants from the trials were included. The final analytical sample size was 440: 212 (48%) from the sertraline trial, 71 from the modafinil trial (16%), 73 from the bupro1 trial (17%) and 84 from the bupro2 trial (19%). Each trial allocated participants randomly to treatment or control in a roughly 1 : 1 ratio, thus the analytical sample included 225 active medication participants (51%) and 215 placebo participants (49%). Fifty-seven per cent of participants (n = 251) received CM.
Participants in the study averaged 35 ± 9.3 years of age and 67% were male (n = 294). Participants self-reported using MA an average of 7.9 ± 9.1 days in the month preceding baseline assessment. In total, 51% (n = 226) of participants dropped out of their trials, and the average number of days retained in the trials was 60.3 ± 30.8. Forty-nine participants (11%) dropped out during the first 2 weeks of study participation. Descriptive statistics for demographic and treatment related variables, in total and stratified by study and treatment group, are presented in Table 1 .
On average, participants achieved 3.0 ± 2.3 MA-negative urine screens during the first 2 weeks of the trials. Receiving CM treatment was associated with achieving more negative urine screens [incidence rate ratio (IRR) = 1.25, 95% confidence interval (CI) = 1.07, 1. significant. Thus, we did not find evidence that the association between abstinence and dropout was modified by treatment, CM or baseline MA use. Table 2 presents model parameter estimates, P-values and confidence intervals, and Fig. 1 presents the adjusted probability of dropout as a function of initial abstinence. Excluding initial abstinence from the model, increased baseline MA use was associated with greater likelihood of dropout (OR =1.04 per each additional day MA was used in the month preceding baseline, 95% CI = 1.02, 1.06) and placebo group participants were less likely to drop out than those in the active medication group (OR = 0.64, 95% CI = 0.43, 0.94). There was no evidence that CM was associated with dropout (χ 2 = 0.38, P = 0.539).
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Days retained in the trials
In order to describe and visualize retention time, a Kaplan-Meier analysis was performed, stratified by length of initial abstinence period achieved, and the resulting survival curves are presented in Fig. 2 . As can be seen in the figure, additional negative urine screens achieved in the first 2 weeks of treatment were associated with longer retention time. The primary analysis of retention time was a Cox proportional hazards model including initial abstinence as a time-varying covariate (see Table 2 for model results). Initial abstinence was associated significantly with retention time; the hazard ratio for dropping out was 0.75 per one additional negative urine screen during the No between-groups tests were performed for this variable because differences were by design. MA = methamphetamine; SD = standard deviation. Initial abstinence is defined as the number of MA-negative urine screens achieved during the first 2 weeks of the trials. MA = methamphetamine; SE = standard error; CL = confidence limit; HR = hazard ratio; OR = odds ratio. 
DISCUSSION
This pooled analysis of four randomized controlled trials of pharmacological therapies for MA dependence showed a strong impact of early abstinence on retention observed across all trials. When dropout (defined as 2 consecutive weeks of missed urine drug screenings after the first 2 weeks of the study) was analyzed, each additional negative screen during the first 2 weeks of treatment reduced the odds of subsequent dropout multiplicatively by approximately 40%. Similarly, when days retained in the study were analyzed, each additional negative screen during the first 2 weeks of treatment was associated with a relative decrease in the likelihood of non-completion of approximately 25%. The findings of this study suggest that investigators may be able to identify study participants at high risk of dropout by their failure to achieve abstinence during the initial weeks of the trial, providing an opportunity to intervene to increase retention. Broadly, there are two plausible explanations for these observations, with different implications for intervention. Achievement of a brief period of initial abstinence could be a causal determinant of retention in MA users, either directly or mediated by a phenomenon such as delay discounting, which is common among individuals with MA use disorder [32, 33] . Many addicted patients also exhibit the inability to delay gratification, and those able to achieve a brief period of initial abstinence may believe that they are receiving an effective treatment and be more likely to continue participation, whereas those unable to achieve abstinence may lose faith and drop out. If early Figure 1 Adjusted probability of dropout (2 consecutive weeks of missed urine drug screens) by the number of negative urine screens provided during the first 2 weeks of the study abstinence is related causally to retention, intervening directly to increase the likelihood of abstinence could increase retention, e.g. a form of compulsory abstinence during the early treatment period, such as an in-patient detoxification phase, may be effective. Alternatively, investigators could focus intensively on relapse prevention during the initial treatment period or employ an adaptive design that initiates additional retention strategies for individuals who demonstrate poor levels of abstinence during the initial part of the trial. An immediately and highly effective medication might also result in high rates of retention among the treated. Conversely, it may be that achievement of initial abstinence has no causal effect on retention and the observed association is the result of a shared common cause, such as readiness to quit MA. In these and other clinical trials where participants enroll for a variety of reasons (i.e. some may not be treatmentseeking), subjects' levels of readiness or motivation to quit using MA could impact both early abstinence and retention. Early interventions to increase readiness and motivation may thus increase retention.
We did not find that effects differed between participants in the active medication and placebo groups, nor that treatment group predicted initial abstinence independently. None of the study medications were very effective at reducing MA use; as mentioned previously, a highly effective medication may increase both retention and treatment success. Although previous research has shown that contingency management may impact retention positively in substance use treatment [34, 35] , we failed to find a 'main effect' of CM on retention in our analyses. However, we found that CM impacted initial abstinence positively, such that participants receiving CM were more likely to achieve approximately one additional negative urine screen during the first 2 weeks of the trial. Although we cannot rule out confounding of this relationship (CM was randomized in only one trial), our findings suggest that CM may have an indirect positive impact on retention by increasing the likelihood of achieving a period of early abstinence.
Our study also found that higher levels of MA use prior to enrollment increased the likelihood of dropout, decreased the likelihood of achieving initial abstinence and attenuated the initial abstinence-retention relationship. This supports previous findings that heavy MA users are the most challenging to retain in treatment [36] and suggests that even a successful intervention to increase early abstinence may be less effective in retaining those Figure 2 Proportion remaining in the study after week 2 as a function of the number of negative urine screens provided during the first 2 weeks of the study (initial abstinence) with more severe levels of addiction. Many studies have shown that severity of addiction is associated with worse treatment outcomes among MA users [6, 37, 38] , perhaps reflecting underlying neurobiological deficits or cognitive dysfunction [39] [40] [41] . Those with the most severe levels of MA use disorder may also be the ones unable to respond both to study medications and the motivational and incentive interventions to increase retention.
As a secondary data analysis, this study was limited by its inability to assess other factors found to be associated with retention in substance abuse treatment, for example, race/ethnicity [42] or comorbid mental disorders [43, 44] . The available data do not allow us to identify whether the effect of abstinence on retention is causal, as we do not have data on all potential confounders (e.g. motivation to quit MA). Thus, we emphasize that these findings represent predictions or associations, not causal relationships. Additionally, our primary predictor, initial abstinence, is confounded with attendance at the study clinic during the first 2 weeks, as participants needed to attend in order to provide a negative urine screen. However, inverting the analysis and examining the number of positive urine screens shows significantly increased risk of dropout with additional positive screens. This suggests that abstinence, and not just attendance, is a key component in retention; simply attending the clinic during the first 2 weeks of treatment is not enough to predict long-term retention. We were also unable to account for differences in the reason for dropout (e.g. loss to follow-up versus voluntary withdrawal), although the vast majority of participants were simply lost to follow-up. In addition, all four trials included in this study had strict inclusion criteria. Results may not be generalizable to treatment settings outside similar clinical trials, although the purpose of this study was to examine retention in such trials.
Although a great deal of effort is dedicated to retaining participants, dropout remains a major challenge in clinical trials involving substance users. However, previous studies have shown that high rates of retention are possible [45] [46] [47] . This study found that retention was related strongly to participants' ability to achieve and maintain early abstinence and moderated by baseline MA use, which may strengthen researchers' ability to identify those at the greatest risk of dropout and intervene before they are lost. Findings also suggest that MA trials may benefit from more sophisticated study designs; for example, those where the targeted sample size is adjusted based on indicators of trial progress, such as rates of early treatment abstinence. Improving retention rates in clinical Figure 3 Hazard ratio for dropout per additional MA-negative urine screen during the first 2 weeks of study participation as a function of the number of days MA was used in the month preceding study entry trials will undoubtedly aid in the detection of a successful treatment for MA use disorder.
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